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(57) A system and method are described that use 
therning functions of a theme manager to render graph- 
ical components in a themed fashion. The theme man- 
ager uses a theme file that has theme properties for 
graphical components of all types. When an application 
is started a system is provided that determines whether 
the application supports therning. If the application sup- 
ports therning a dynamic link controls library that sup- 
ports therning is linked to the application. If the applica- 
tion does notsupporttheming,the non-theming controls 



library is linked. If an application supports themes, ap- 
plication user controls and shell common controls are 
rendered with themes by. using the functions of the 
therning controls library thatinteract with functions ofthe 
theme manager, Non-client window components are 
rendered using themes by intercepting render messag- 
es to windows and sending the messages to the theme 
manager. Non-client window components are aiso 
measured and rendered using a theme properly file 
when appropriate in response to certain application pro- 
gram interface calls, 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a computer 5 
system and, more particularly, to theme aware manage- 
ment using fusion when rendering system components. 

BACKGROUND OF THE INVENTION 

10 

[0002] Computer users in both the business and 
home environment have become accustomed to using 
a computer with a graphical operating system. For ex- 
ample, many users operate computers having a Micro- 
soft Corporation "WINDOWS" operating system there- * 5 
on. Certain components of these graphical operating 
systems are known as "controls." For example, a control 
may be an "OK" button, which is generally a rectangular 
button with "OK" written in it. By moving the cursor over 
the button and clicking on the mouse, a known operation 20 
will begin that is associated with the control. Many other 
controls exist, with examples including scroll bars, dia- 
log boxes and sliders. Beyond controls, the graphical 
operating systems also draw, or render, other graphical 
components as needed on the display of the computer, 25 
such as the frame, the minimize box and the close box. 
[0003] There are two general kinds of controls in WIN- 
DOWS: standard and custom. Standard controls are 
provided by the operating system. The code to create, 
draw and operate standard controls is contained in the so 
common control library (DLL), a part of WINDOWS. 
Custom controls are all other controls. Custom controls 
may be created by the manufacturer of the operating 
system or by third parties. The code for custom controls 
is contained in a corresponding separate library (DLL) 35 
or within an application. 

[0004] Currently, when a graphical user interface 
component, such as a control, is used by an application, 
the application requests that an Instance of the compo- 
nent be created. Following this, the operating system 40 
transmits a generic messagetothecomponent, Instruct- 
ing the component to render itself. The app lication pfays 
a role in routing the message from the main window to 
the targeted control, but the control code performs the 
drawing. The application uses application programming 
interfaces (API's) to create and interact with the control. 
An API serves as a software interface to.be used by oth- 
er programs, much as the keypad serves as an interlace 
to a calculator. An API is afundarnental concept of high- 
level programming. In high-level programming, a pro- so 
gram often does not execute tasks by itself. I nstead , the 
program asks some other program to execute these 
tasks. For example, programs frequently delegate vari- 
ous tasks to the underlying operating system. Continu- 
ing with the above example, an application delegates ss 
the rendering of a control to the control's code. 
[0005] In the prior art environment, when a generic 
rendering message is received by a control to draw it- 



self, the control will draw itself using its own drawing 
software code. In this prior art environment; the control 
knows what It is supposed to look iike, how it is sup- 
posed to behave, and can effectuate such a display on 
the user Interface of the computer. Thus, the application 
may delegate all aspects of visual rendering to the con- 
trols, avoiding the need to contain software code to sup- 
port the visual rendering of the control within the host 
application itself. 

[0006] By utilizing the standard controls defined and 
rendered by the operating system, all controls will have 
the same appearance, regardless of the application. Us- 
ers of graphical operating systems can change only a 
limited number of characteristics of the controls. In the 
"WINDOWS" operating system, a user can change the 
. color scheme used to display the various controls and 
components on the monitor. The user can also select a 
small set of fonts to be used by the controls and com- 
ponents. Thus, the colors, fonts and a limited set of sizes 
of the controls and components may be changed. How- 
ever, the basic appearance of the controls and compo- 
nents is dictated by the rendering software code within 
the control library containing the particular graphical 
component or control. In the prior art environment, to 
change the appearance of the controls or graphical 
components, the rendering software code must be al- 
tered. For example, if it is desired to change the appear- 
ance of the "OK" button, the rendering software code 
within the operating system DLL file containing the but- 
ton control must be altered and the DLL file reconstruct- 
ed at the binary level. If It were desired to render the 
button as an oval, rather than as the traditional rectan- 
gle, the software code would have to be changed ac- 
cordingly. Such an approach makes it difficult, If not im- 
possible, for a computer user and for software manufac- 
turers , to easi ly alter the appearance of the co ntrols an d 
graphical components. 

[0007] In orderto enhance the user experience of the 
computer, it would be desirable for the user to have the 
ability to change the overall "look and feel" of the graph- 
ical display by changing the overall visual appearance 
or"theme" of the various graphical components. In other 
words, it would be desirable if the user could change not 
only the coior and font of the graphical components ap- 
pearing on the monitor, but to change the appearance 
of those graphical components as well. For example, It 
would be desirable to be able to alter and direct the lay- 
out of the parts of a control, and to define the shape of 
a control or its parts. It would also be desirable to control 
ail aspects of how a control or its parts are drawn. Be- 
cause the controls and graphical components existing 
within the DLL file in the prior art environment are "hard 
coded" with their Dwn rendering software code, it is dif- 
ficult and cumbersome to change the appearance of all 
of the controls and components. To do so would require 
recoding each of the controls to achievethe desired ap- 
pearance. If multiple visual styles were required, they 
would each have to be predefined and each "hard cod- 
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ed" into every control.Moreover, the controls must also 
be recoded.if a different rendering technology is to be 
used. For example, if the controls are rendered using a 
bitmap and it is desired to utilize a vector-based tender- 
er, each control must be altered. 
[0008] Certain prior art approaches exist that attempt 
to address the above situation. However, these solu- 
tions do not allow all of the controls and graphical com- 
ponents of the entire system to be changed. Instead, the 
prior art approaches address only limited portions of the 
set of displayed components. This allows the appear- 
ance of some controls and graphical components to be 
altered, leaving the remainder unaltered. Such an ap- 
proach leaves an appearance that is not as coordinated 
as may be desired, 

[0009] The prior art approaches are further limited by 
the techniques they employ to implement control of the 
appearance characteristics of visual elements of the 
graphical user interface. Prior art appearance modifiers 
operate by intercepting the generic rendering signals 
transmitted to the control, and, using low-ievel operating 
system graphical APIs, substitute their own rendering 
code for that of the control. However, only a portion of 
the visual elements in the graphical user interface is in- 
terceptible. Because the prior art approaches depend 
exclusively on the interception of operating system sig- 
nals, not only are they themselves incapable of control- 
ling the appearance of visual elements that do not func- 
tion according to this protocol, they are incapable of pro- 
viding a standard means for the author of the visual el- 
ement to modify the rendering code to accommodate 
externa! control. 

10010] Similarly, prior art approaches for rendering 
non-client windows components, such as window 
frames and the minimize box, have shortcomings. The 
prior art approach requires the user to buy a separate 
software package In order to support theming of these 
components. The prior art approaches are incomplete 
because they allow oniy a fixed subset of controls to be 
themabie. Furthermore, their implementation architec- 
ture relies solely on interception of standard window 
messages without any control or USER32 knowledge of 
the theme drawing, 

[0011] In the traditional operating system, non-client 
window components have been rendered by a default 
windows procedure in Windows Kernel Mode in re- 
sponse to a complex set of Windows messages and API 
calls. It would be impractical to put all the variations of 
themes into the single default windows procedure. Add- 
ing theme properties to default windows procedure 
would require more complicated code, complete recom- 
■ pilatron of the code, and rigorous testing to determine if 
the .code update functions properly and doesn't break 
any existing applications. 

[0012] Further, it is not possible to intercept ail rele- 
vant signals transmitted by the operating system to a 
control in the course of rendering. Still further, in neither 
the traditional operating system nor the theming meth- 



ods of separate software packages is it always possible 
to reproduce complex visual behavior implemented by 
a control, such as animated sequences. Thus, the prior 
artapproaches, including operating system approaches 

s . and approaches taken by separate software packages, 
are prone to functional incompatibilities, visual flaws, 
and performance problems. 
[0013] Moreover, the prior art techniques are limited 
in the manner in which software developers can design 

10 controls to accommodate versatility in visual appear- 
ance. Using traditional "Ownerdraw" and "Customdraw" 
routines, application developers have been able to 
rendercontrols with only a limited set of options. The 
prior art approaches do not involve an architecture that 

'5 allows a control author the flexibility to design a control 
that is "theme aware." Control authors are therefore not 
allowed the freedom needed in authoring controls to cre- 
ate controls that can be easily and cleanly visually al- 
tered. 

20 [0014] Furthermore, a system that provides theme 
aware controls should accommodate both legacy appli- 
cations and new applications that are capable of work- 
ing with theme aware controls. Legacy applications 
have been developed and tested to work with the tradi- 

& tional controls that are not theme aware. New applica- 
tions have been developed and tested tD work with 
theme aware controls. A theme aware architecture must 
allow for both types of applications to operate on the . 
same computer system. 

so [0015] For example, if a system that offers themes re- 
quires all the applications to use the theming controls 
even If they haven't been tested with the new controls, 
the application controls will not be rendered as the ap- 
plication developer expects. Therefore, the controls 

35 may appear inconsistent with the application's look or 
will be in the wrong place with respect to the application 
or may stop functioning altogether. Application writers 
should be able to control whether their applications use 
the new themed controls or continue using the tradition- 

*o al controls. 

[001 6] Yet anotherproblem is that of new applications 
being unable to operate on traditional systems that are 
not theme aware. New applications will be developed 
and tested for new systems that provide themes. When 

4s these new applications are loaded onto old systems that 
are not theme aware, not only will the applications' con- 
trols not be themed, but also in many cases, the appli- 
cations will fail. Therefore, there is not a way for theme 
aware applications to operate on non-theme aware sys- 

so terns. 

SUMMARY OF THE INVENTION 

[0017] in accordance with this invention, the above 
ss and other problems are solved by creating a theme 
aware version of controls and applying a software com- 
ponent selection technology called "fusion" to choose 
the theme aware version for theme: capable applica- ■ 
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tions. The invention includes a hook function to divert 
window rendering and sizing requests from the default 
window rendering function to a theme aware window 
rendering function. 

[0018] One aspect of the present invention is a sys- 
tem and method for linking one of two sets of controls 
functions into an application's memory map after a de- 
termination is made whether the application supports 
theming capability or not. The system determines if the 
application has amanifestfile indicating use of thethem- 
jng set of controls functions. The theming set of controls 
is able to interact with the functions of the theme man- 
ager to render graphical components in a themed fash- 
ion. 

[0019] The system and method also include an inter- 
cepting hook that intercepts render messages to win- 
dows. The intercept hook routes the render message 
from the def au It window renderi ng routi n e and sends the 
message to theme manager functions that render win- 
dow graphical components in a themed fashion. Appli- 
cation program interface calls are also routed to the 
theme manager so that window non -client graphical 
components can be measured or rendered using a 
theme in response to the application program interface. 
The system and method also include methods of ren- 
deri ng user controls an d shell common controls by us ing 
a set of theming controls functions that interact with 
functions of the theme manager that renders the con- 
trols in a themed fashion. 

[0020] The invention may be Implemented as a com- 
puter process, a computing system or as an article of 
manufacture such as a computer program product or 
computer readable media. The computer program prod- 
uct may be a computer storage media readable by a 
computer system and encoding a computer program of 
instructions for executing a computerprocess. The com- 
puter program product may also be a propagated signal 
on a carrier readable by a computing system and en- 
coding a computer program of instructions for executi ng 
a computer process. 

[0021] The present invention mitigates application 
compatibility risks and is faster than previous approach- 
es. In addition to isolation of controls from rendering 
technologies, the present invention also provides for 
isolation of controls from individual themes. The present 
invention allows a user to pick from a variety of different 
themes that may be pleasing to the user and enhance 
the user's computing experience, 
[0022] Additional advantages and novel features of 
the invention will be set forth in part in a description 
which follows, and in part will become apparent to those 
skilled in the art upon examination of the following, or 
may be learned by practice of the invention, 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] Figure 1 is a schematic diagram illustrating the 
architecture used in the present invention. 



[0024] Figure 2 illustrates a suitable computing sys- 
tem environment for use in implementing the present in- 
vention. 

[0025] Figure 3 is a representation of examples of 
s graphical components having different themed appear- 
ances. 

[0026] Figure 4 is an operation flow diagram illustrat- 
ing the fusion process. 

[0027] Figure 5 is an operation flow diagram ilfustrat- 
10 ing an exemplary process of theming window compo- 
nents. 

p»028] Figure 6 is a schematic diagram illustrating the 
architecture of a theme file. 

[0029] Figure 7 is a flow chart illustrating use of the 
is present invention by an application in requesting a 
graphical component. 

DETAILED DESCRIPTION OF THE INVENTION 

20 [0030] In one embodiment of the present invention il- 
lustrated in Figure 1 , operating system 1 34 is a graphical 
operating system having graphically displayed controls 
and components associated therewith. Controls in- 
clude, but are not limited to, such things as scroll bars, 

25 push buttons and sliders. Other controls are within the 
scope of this invention, and are known to those of skill 
in the art. Other graphically displayed components are 
also within the scope of this invention. These compo- 
nents include, but are In no way limited to, non-client 

so sections of the windows in thedisplay, such as the frame 
surrounding an application display on th e user interface, 
the minimize box, and the close box. 
JjOOSI] In Figure 1 , the basic architecture used in this 
embodiment of the present invention is illustrated. If the 

35 reader is already familiar with the operations of the 
theming system due to familiarity with the related patent 
application identified above, then It is suggested that the 
reader proceed to the description of Figures 4 and 5 to 
understand embodiments of the present invention reiat- 

40 ed to a theme aware architecture for theming system 
components. The architecture Is Illustrated with exam- 
ple applications 138 and 139 that are open and running 
on the computer 110. As an application, such as APP1 
138 is running it often requires a control or graphical 

*' componentto be rendered, or displayed, on the monitor 
1 91 of the computer 1 1 0. 

[0032] In Figure 1, libraries 208, 210 and 212 are 
linked to. the applications 138 and 139 through a fusion 
module 214. Fusion module 21 4 enables the theming of 

so controls in applications without needing to change the 
applications themselves to request the themable ver- 
sion of ftie controls. Fusion module 214 enables appli- 
cations 138 and 139 to load the specific version of the 
DLL 208., 210 or 212 at run time through the use of a 

ss manifest 215. The fusion manifest 21 5 specifies the en- 
vironment in which an application will run, which allows 
. multiples versions of a DLL to exist on one machine. 
Thus, fusion module 214 will map the requestfor a com- 
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ponent so that it is rendered as a themable element in 
DLL 212 instead of a non-themable elementfrom.DLL 
208. This allows an existing application to be themed 
without changing code of the application. Fusion module 
214 also allows the new themable controls to be placed 
in a different DLL from theexisting DLL, which simplifies 
implementation and minimizes compatibility risks. 
[0033] Figure 2 illustrates an example of a suitable 
computing system environment 100 on which the inven- 
tion may be implemented, The computing system envi- 
ronment 1 00 is only one example of a suitable comput- 
ing environment and is not intended to suggest any lim- 
itation as to the scope of use or functionality of the in- 
vention . Neither should the computing environment 1 00 
be interpreted as having any dependency or require- 
ment relating to any one or combination of components 
illustrated in the exemplary operating environment 100. 
[0034] The invention is operational with numerous 
other general purpose or special purpose computing 
system environments or configurations. Examples of 
well known computing systems, environments, and/or 
configurations that may be suitable for use with the in- 
vention include, but are not limited to, personal comput- 
ers, server computers, hand-held or laptop devices, 
multiprocessor systems, microprocessor-based sys- 
tems, set top boxes, programmable consumer electron- 
lcs,.network PCs, minicomputers, mainframe comput- 
ers, distributed computing environments that include 
any of the above systems or devices, and the like. 
[0035] The I nvention may be described in the genera! 
context of computer-executable instructions, such as 
program modules, being executed by a computer. Gen- 
erally, program modules Include routines, programs, ob- 
jects, components, data structures, etc. that perform 
particular tasks or Implement particular abstract data 
types. The invention may also be practiced in distributed 
computing environments where tasks are performed by 
remote processing devices that are linked through a 
communications network. In a distributed computing en- 
vironment, program modules may be located in both lo- 
cal and remote computer storage media including mem- 
ory storage devices. 

[0036] With reference to Figure 2; an exemplary sys- 
tem for Implementing the invention includes a general 
purpose computing device in the form of a computer 
1 10. Components of computer 1 1 0 may include, but are 
not limited to, a processing unit 120, a system memory 
130, and a system bus 121 that couples various system 
components including the system memory to the 
processing unit 120. The system bus 121 may be any 
of several types of bus structures including a memory 
bus or memory controller, a peripheral bus, and a local 
bus using any of a variety of "bus architectures. Byway 
of example, and not Simitation, such architectures in- 
clude Industry Standard Architecture (ISA) bus, Micro 
Channel Architecture (MCA) bus, Enhanced ISA (EISA) 
bus, Video Electronics Standards Association (VESA) 
local bus, and Peripheral Component Interconnect 



(PCI) bus also known as Mezzanine bus. 
[0037] Computer 110 typically includes a variety of 
computer readable media. Computer readable media 
can be any available media that can be accessed by 

s computerl 10 and includes both volatile and nonvolatile 
media, removable and non-removable media. By way 
of example, and not limitation,computer readable/media 
may comprise computer storage media and communi- 
cation media. Computer storage media includes both 

io volatile and nonvolatile, removable and non-removable 
media implemented in any method or technology for 
storage of information such as computer readable In- 
structions, data structures, program modules or other 
data. Computer storage media includes, but is not Urn- 
's ited to, RAM, ROM, EEPROM, flash memory or other 
memory technology, CD-ROM, digital versatile disks 
(DVD) or other optical disk storage, magnetic cassettes, 
magnetictape, magnetic disk storage or other magnetic 
storage devices, or any other medium which can .be 

20 used to store the desired information and which can ac- 
cessed by computer 110. Communication media typi- 
cally embodies computer readable instructions, data 
structures, program modules or other data in a modu- 
lated data signal such as a carrier wave or other trans- 

& port mechanism and includes any Information delivery 
media. The term "modulated data signal" means a sig- 
nal that has one or more of its characteristics set or 
changed in such a manner as to encode information in 
the signal. Byway of example, and not limitation, com- 

30 munication media includes wired media such as a wired 
network or direct-wired connection, and wireless media 
such as acoustic, RF, infrared and other wireless media. 
Combinations of any of the above should also be Includ- 
ed within the scope of computer readable media. 

35 [0038} The system memory 130 includes computer 
storage media in the form of volatile and/or nonvolatile 
memory such as read only memory (ROM) 131 and ran- 
dom access memory (RAM) 132. A basic input/output 
system 133 (BIOS), containing the basic routines that 

to help to transfer information between elements within 
computerl 10, such as during start-up, is typically stored 
in ROM 131. RAM 132 typically contains data and/or 
program modules that are immediately accessible to 
and/or presently being operated on by processing unit 

« 120. By way of example, and not limitation, Figure 2 il- 
lustrates operating system 134, application programs 
138 and 1 39, other program modules 1 36, and program 
data 137. 

[0039] The computer l 1 0 may also include other re- 
st* movable/non-removable, volatile/nonvolatile computer 
storage media. By way of example only, Figure 2 illus- 
trates a hard disk drive 140 that reads from or writes to 
non-removable, nonvolatile magnetic media, a magnet- 
ic disk drive 1 51 that reads from or writes to a remova- 
ls ble, nonvolatile magnetic disk 152, and an optical disk 
drive 155 that reads from orwrites to a removable, non- 
volatile optical disk 156 such as a CD ROM or other op- 
tical media. Other removable/non-removable, volatile/ 
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nonvolatile computer storage media that can be used in 
the exemplary operating environment include, but are 
not limited to, magnetic tape cassettes, flash memory 
cards, digital versatile disks, digital video tape, solid 
state RAM, solid state ROM, and the like. The hard disk 
drive 141 is typically connected to the system bus 121 
through an non-removable memory interface such as in- 
terface 140, and magnetic disk drive 151 and optica! 
disk drive 1 55 are typically connected to the system bus 
121 by a removable memory interface, such as interface 
150. 

[0040] The drives and their associated computer stor- 
age media discussed above and illustrated in Figure 2, 
provide storage of computer readable Instructions, data 
structures, program modules and other data for the 
computer 1 1 0. !n Figure. 2, for example, hard disk drive 
141 is illustrated as storing operating system 144, ap- 
plication programs 145, other program modules 146, 
and program data 1 47. Note that these components can 
either be the same as or different from operating system 
134, application programs 138 and 139, other program 
modules 136, and program data 137. Operating system 
144, application programs 145, other program modules 
146, and program data 147 are given different numbers 
here to illustrate that, at a minimum, they are different 
copies. A user may enter commands and information 
into the computer 110 through input devices such as a 
keyboard 162 and pointing device 161, commonly re- 
ferred to as a mouse, trackball or touch pad. Other input 
devices (not shown) may Include a microphone, joy- 
stick, game pad, satellite dish, scanner, or the like. 
These and other input devices are often connected to 
the processing unit 120 through a user input interface 
1 60 that is coupled to the system bus, but may be con- 
nected by other interface and bus structures, such as a 
parallel port, game port or a universal serial bus (USB). 
A monitor191 orothertype of display device is also con- 
nected to the system bus 121 via an interface, such as 
a video interface 1 90. In addition to the monitor, com- 
puters may also include other peripheral output devices 
such as speakers 197 and printer 196, which may be 
connected through a output peripheral interface 195. 
[0041] The computer 110 may operate in a networked 
environment using logical connections to one or more 
remote computers, such as aremotecornpur.er180.The 
remote computer 180 may be a personal computer, a 
server, a router, a network PC, a peer device or other 
common network node, and typically includes many or 
all of the elements described above relative to the com- 
puter 110, although only a memory storage device 161 
has been illustrated in Figure 2. The logical connections 
depicted in Figure 2 include a local area network (LAN) 
1 71 and a wide area network (WAN) 173, but may also 
include other networks. Such networking environments 
are commonplace in offices, enterprise-wide computer 
■networks, intranets and the Internet. 
[0042] When used in a LAN networking environment, 
the computer 1 10 is connected to the LAN 171 through 



a network interface or adapter 170. When used in a 
WAN networking environment, the computer 110 typi- 
cally includes a modem 172 or other means for estab- 
lishing communications over the WAN 173, such as the 

5 Internet. The modem 1 72, which may be i ntemal or ex- 
terna!, may be connected to the system bus 121 via the 
user input interface 160, or other appropriate mecha- 
nism, in a networked environment, program modules 
depicted relative to the computer 110, or portions there- 

10 of, may be stored in the remote memory storage device. 
By way of example, and not limitation, Figure 2 Illus- 
trates remote application programs 185 as residing on 
memory device 1 81 . It wilf be appreciated that the net- 
work connections shown are exemplary and other 

^ means of establishing a communications link between 
the computers may be used. 
[0043] Although many other internal components of 
the computer 1 1 0 are not shown, those of ordinary skill 
in the art will appreciate that such components and the 

20 interconnection are well known. Accordingly, additional 
details concerning the internal construction of the com- 
puter 110 need not be disclosed in connection with the 
present invention. 

100441 Those skilled In the artwill understandthatpro- 
gram modules such as the operating system 134, appli- 
cation programs 138 and 139, and data 137 are provid- 
ed to the computer 110 via one of its memory storage 
devices, which may Include ROM 131, RAM 132, hard 
disk drive 141, magnetic disk drive 151 or optical disk 

30 drive 155. Preferably, the hard disk drive 141 is used to 
store data 137 and programs, including the operating 
system 134 and application programs 138 and 139. 
[0045] When the computer 1 1 0 is turned on or reset, 
the BIOS 133, which is stored in the ROM 131 Instructs 

35 the processing unit 120 to load the operating system 
from the hard disk drive 141 into the RAM 132. Once 
the operating system 144 is loaded in RAM 132, the 
processing unit 120 executes the operating system 
code and causes the visual elements associated with 

*> the user Interface of the operating system 134tobedis- 
played on the monitor 191. When an application pro- 
gram, such as application 138 is opened by a user, the 
program code and relevant data are read from the hard 
disk drive 141 and stored in RAM 192. 

4s [0046] An example display of graphical components 
having a variety of appearances is seen in Figure 3. As 
shown in Figure 3, the controls may take the form of an 
OK button 200, a Cancel button 202 and an Apply b utton 
204. The present i nvention allows the appearance of the 

so controls and other components to be visually changed 
to better suit the desire of the computer user. The inven- 
tion allows the appearance of the controls to be altered 
beyond color and font selection, Forexample, the layout 
. of the parts of a control can be defined as desired. For 

sb example, a scroll bar could be rendered with the u p an d 
down arrcw buttons adjacentto each other at the bottom 
■ of the scroll bar, instead of the up arrow and the top and 
the down arrow at the bottom. Further, the shape of the 
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control and its parts may be defined. As shown in Figure 
3, four different overall appearances are shown for each 
of the buttons 200, 202 and 204. Each different appear- 
ance setting is coordinated and is called a "theme." 
Each theme is represented by one of the rows of buttons 
in Figure 3. While only four themes are shown in Figure 
■ 3, an unlimitedvariety of themes may be created for se- 
lection by the computer user. The theme is a collection 
or set of appearance characteristics relating to a partic- 
ular subject or desired visual environment. As described 
below, the present invention allows the user of the com- 
puterto specify which of a number of predefined themes 
is to be applied to the controls and other components of 
the visual display. Moreover, the present invention al- 
lows new visual themes to be added to the system with- 
out the need of changing the software code of the con- 
trols and other graphical components. Still further, the 
present invention allows addition of new rendering tech- 
nologies or modification of existing rendering technolo- 
gies without changing the software code of the controls 
and other graphical components. 
[0047] As an application, such as APP2 139 in Figure 
1, is running it often requires a control or graphical com- 
ponent to be rendered, ordisplayed, on the monitor191 
of thecomputer110. For example, with referenceto Fig- 
ure 3, the display of an OK button 200 may be needed 
by the application on the monitor. Application 139 re- 
quests that an Instance of button 200 be created. Fol- 
lowing this, the operating system transmits a generic 
message to the control instructing it to draw itself, This 
req uest would be routed to the dynamic link library (DLL) 
that contained the particular control. As an example, the 
DLL In the WINDOWS operating environment would be 
called User32.dll or ComCt!32.dll(V5), shown as. 208 
and 21 0, respectively, in Figure 1 . Libraries 208 and 21 0 
exist within graphical operating system 134. Libraries 
208 and 210 are typically linked by default with applica- 
tion 139. As will be discussed later, the liinking of librar- 
ies 208 and 210 can be overridden by use of fusion 214. 
Th e defined contra i within libraries 208 an d 21 0 contains 
the drawing code needed to render the control on the 
monitor. Therefore, to change the appearance of con- 
trols in libraries 208 and 210, the software drawing code 
must be changed for each control within libraries 208 
and 210. 

[0048] An additional library DLL, shown as 212 in Fig- 
ure 1 , issimilarto library 210, in that it contains a number 
of predefined controls and graphical components that 
may be used by application 138. Broadly, DLL 212 con- 
tains a number of components that are to be graphically 
. displayed. In library 212, however, the controls are de- 
fined differently, making them "theme aware." Rather 
than containing all of the software code needed to 
render the control in multiple visual styles, the controls 
are defined with certain basic information or values 
about the control, for example, the location, parts and 
states of the controls, 

[0049] The location is the position on the user inter- 



face where the control Is desired. Parts are the different 
items that make up the control. As an example, a scroll- 
bar control has an elongated rectangular shaft part, a 
smaller thumb part that slides within the shaft part, and 

* an arrow part at each end of the shaft part. The state of 
a control describes the current appearance, which re- 
flects the functional state of that part. For example, a 
button can be active, pressed, hot (when the mouse is 
overthe control), disabled or inactive. 

10 [0050] The controls within DLL 212 also contain the 
drawing code needed to render the controls if no themes 
are selected, as well as the theme-aware paths through 
the code. DLL 212 requests rendering or drawing serv- 
ices from a theme manager DLL 216. Theme manager 

is 216 provides the requested rendering services and 
draws the control on the display atthe indicated location, 
with the indicated parts in the indicated states. 
[0051] Theme manager 21 6 contains a series of APIs 
that allow library 212 to interact and communicate with 

20 the theme manager. The APIs allow a control author to 
define a control within DLL 212 as a series of parts and 
states without the need for software rendering code. 
These APIs are generally divided into three types: draw- 
ing APIs 218, information APIs 220 and utility APIs 222. 

& Drawing APIs 218 are generally used to render and as- 
sist in the iayout of the needed control parts and other 
components. Information APIs 220 are generally used 
to obtain information about the current defined appear- 
ance of the controls to allow controls to be Individually 

so customized. Utility APIs 222 are those APIs used by 
parts of the operating system other than the controls, to 
control theme selection. Utility APIs 222 include func- 
tions that can be used to enumerate installed themes 
and load one of them. 

35 [0OS2] Drawing APIs 218 are a collection of theme- 
aware drawing services. Each individual API within the 
set of drawing APIs 218 is used to perform a different 
drawing service. Generally, each API requires a speci- 
fied part and state of the graphical component at hand. 

io An API called "DrawThemeBackground" is provided 
that draws the theme-specified border and fill for the 
specified part and state atthe desired location. Similarly, 
an API called 'DrawThemeText" is provided that draws 
the specified text using the theme-specified color and 

f5 font for the specified part and state. 

[0053] As an example, if an OK button 200 (Figure 3) 
was requested by an application 138, thecontrol within 
DLL 212 would pass the part, state and location infor- 
mation to drawing APIs 21 8 through a function call, such 

so as DrawThemeBackground, or DrawThemeText. As is 
more fully described below, this part and state informa- 
tion is matched with appearance characteristics and 
theme manager 21S draws the control on the monitor. 
Drawing APIs 218 further include an API called "Get- 

55 ThameBackgroundContentRect." This API allows the 
control to obtain the size of the content for the theme- 
defined background. Usually, this is the area inside the ■ 
borders or margins. By using this API a control can de- 
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termine the available area wtthin the background in 
which items may be placed. When using this API, the 
control within DLL 212 is requesting information regard- 
ing a graphical component with a specified part and 
state. This information is obtained by the theme manag- 
er 216 and returned to the control. A similar API called 
"GetThemeBackground Extent" is provided that calcu- 
lates the size and location of the theme-specified back- 
ground for the specified part and state given a content 
rectangle. This API may be used when the content is 
known, and based upon that content, the outer bound- 
ary for the theme background needs to be determined. 
Another API called "GetThemePartSi2e" is provided to 
retrieve the theme author specified minimum and nor- 
mal sizes of a control part, 

[0054] Drawing APIs 218 further include an API enti- 
tled "GetTherneTextExtent." This API is used to calcu- 
late the size of a specified text when rendered in the 
theme font/This API can therefore be used to determine 
. the width and height of a given text string. The control 
author can thus specify a part and state having text as- 
sociated therewith and use this API to obtain information 
from theme manager 216 regarding the size of the text 
string. Similarly, another API entitled "GetThemeText- 
Metrics" is available that can be used to obtain size in- 
formation about the font being used. Therefore, this API 
may be used to obtain information such as the width of 
an average font character. In other words, this API is 
used to obtain from theme manager 21 6 information that 
the control needs regarding the size of a theme-speci- 
fied font. 

[0055] An API entitled "GetThemeBackgroun- 
dRegion" Is also provided within drawing AP|s 21B. 
.Within some operating systems, a region is a way to de- 
scribe a non-rectangular shape. A region can also be 
thought of as an image with transparent parts. This API 
is used to compute the region for a regular or partially 
transparent theme-specified background. In other 
words, this API may be used to determine what is trans- 
parent and what is opaque within the framed back- 
ground foraspecified part and state. Thus, this API sup- 
ports the definition of non- rectangular shapes of con- 
trols and parts. Similarly, an API entitled "HitTestTheme- 
Background" is provided. This API is used to determine 
whetherthe point within the background forthe specified 
part being clicked is in a transparent or an opaque area. 
This API is used by a control within DLL 212 to obtain 
information from the theme manager 21 6. If the click is 
within a transparent area, no action may be needed. 
Conversely if the click is within an opaque area, an ac- 
tion may be required. 

[0056] Another API contained within drawing APIs 
218 is entitled "DrawThemeLine." This API allows a 
theme to define a generic style of a line. This generic 
style may be accessed and used for a specified part by 
calling the "DrawThemeLine" API. Similarly, an API en- 
titled "DrawThemaBorder" is provided that allows a 
theme-defined border to be specified; The theme-bor- 



der may be drawn for a specified part utilizing this API. 
[0057] An APi entitled "DrawThemelcon" is provided 
that allows a theme-defined icon to be rendered that 
may include theme-specified special effects. For exam- 
5 pie, a theme-icon may have a different appearance 
when the mouse is di rectly over th e icon , such as a glow- 
ing appearance. 

[0058] Drawing APIs 218 also contain an API entitled 
"IsThemePartDefined" that may be used to determine if 

io the theme has defined parameters for the specified part 
and state. If the part is not defined within the theme the 
control can draw this part itself. If the part is theme de- 
fined, theme manager 21 6 will render the part according 
to the theme defined information. Another API isprovid- 

is ed entitled "IsThemeBackgroundPartiallyTransparent." 
This API is used to determine whether or not the back- 
ground is a rectangle or region that has a transparent 
part. This APi may be used to simplify the control code, 
if there is no transparency within the background, then 

20 there is. no need to conduct any hit testing through the 
use of the "HitTestThemeBackground" API. 
[0059] Importantly, drawing APIs 218 further include 
an API entitled "OpenThemeData." This API is used to 
obtain the handle for a list of cfass names. A class name 

25 list identifies a set of graphical components, and may 
be divided into parent class names and one or more 
child class names. For examiner, a parent class name 
might be button. A child class nameforthat parent class 
might be "start button." A handle Is a reference to an 

30 internalstructuredetaifingvarious information and prop- 
ertles.of the object. Theme manager 21 6 will search for 
each class name in the list and use the first matching 
theme information found. For example, if the class 
names included both start button and button, the start 

35 button theme information would be. used if it existed. If 
start button theme information did not exist, the theme 
information for a button would be used. If no value is 
found the old code will be used to render the control. If 
any non-0 value is returned, a valid theme handle is es- 

40 tabiished. This theme handle will be returned to DLL 21 2 
and used for all of the theme drawings. 
[0060] Similarly, another API provided is entitled 
"CloseThemeData." This API is used when the control 
is closed, such as a button no longer being needed, or 

45 when the theme is changed, as is more fully described 
below. 

• [0061] Another API provided is entitled "IsThemeAc- 
tive." This API allows a control within DLL 212 to obtain . 
a true or false answer as to whether there is a current 
» theme in effect. This API can thus be used to determine 
whetherto cal! the "Ope nTh emeData" API or merely use 
the existing drawing code where the controls will render 
themselves. 

[0062] As described above, theme manager21 6 also 
55 contains a set of information APIs 220. These informa- 
tion APIs 220 ailow controls to be individually custom- 
ized, in other words, these APIs are utilized in only cer-' 
tain instances and may be used to obtain information 
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about specific controls. These Information APIs are 
used to query theme manager 216 for defined theme 
information regarding specified properties of the theme. 
Each API 220 thus requests information, which is pro- 
vided by theme manager 216. 
[0063] Within information APIs 220 is an API entitled 
"GetThemeColor." This API utilizes the specified part 
and specified state along with a specified coior property 
identifier to obtain information about the theme color. 
The property identifier is the color property number that 
is desired. In other words, the color API is used to ask 
for the color value corresponding to the property de- 
sired, such as the background color. Another API called 
"GetThemeMetrlc" is provided that requests and re- 
ceives a size value for a specified property identifier. 
This size value will be an integer. An API entitled "Get- 
ThemeString" is also provided within information APIs 
220. This API Is used to obtain the string for a specified 
property identifier. The string will include information re- 
garding the number of characters in the string and where 
the string is terminated. 

[0064] Another API is provided within information 
APIs 220 entitled "GetThemeBool" that will return an in- 
tegerthat is either 0 or 1 for a given part, state and prop- 
erty. The 0 and 1 correspond to a false or true state for 
that "part, state and property. Another API provided is 
■entitled "GetThemelnt." That will return an integer value 
for a specified part, In a specified state with a specified 
property identifier. Similarly, an API is provided entitled 
"GetThemeEnumValue" that will return the theme-enum 
for the specified part, state and property identifiers. An 
enum is merely a variable that holds numeric values 
which correspond to symbolic information. For example, 
arranum for alignment might be left, middle, right corre- 
sponding to the numbers 0, 1 , 2. 
[0065] Another API entitled "GetThemePosition" is 
provided that will return two integer values, correspond- 
ing to an x-location and a y-iocation for a specified part 
in a specified state with a specified property identifier. 
Another API provided within information APIs 220 is en- 
titled "GetThemeFont."This API is used to obtain a log- 
ical description of the font theme used, given a specified 
part, state and property identifier. 
[0066] Yet another API provided within information 
APIs 220 is entitled "GetThemeRect." This API will re- 
turn four integers representing the left, right, top and bot- 
tom of the specified part, state and property identifier. 
Similarly, an API entitled "GetThemeMargins" is provid- 
ed that will return fourintegers representing a left space, 
right space, top space and bottom space given a spec- 
ified part, state and property identified. There is also an 
API entitled "GetThemelntList" which returns the value 
of a specified property whose type is a list of integer val- 
ues. Finally, an information API entitled "GetProperty- 
Origin" is provided that returns the location from which 
the properly originated. This API allows the control au- 
thorto obtain information for the property origin. In other 
words, the API allows the control author to determine 



whether the property was specified on the state, part, 
class, global or was the property not found.This is need- 
ed becausetheme properties are specified by the theme 
author in a hierarchical fashion. For example, if aprop- 

s erty is not specified at the "state" level, the theme man- 
ager will search the "part" level, "class" level, and finally 
the "globals" level for the property. Sometimes it is im- 
portantfor the control to know if a property was explicitly 
defined for the part/state It is processing. There is also 

io an API entitled "GetThemeFilename" which returns the 
string value of the specified filename.property. 
[0067] Another API provided within information APIs 
220 is entitled "SetWindowTheme." This API allows a 
control author to redirect a control window to use a dif- 

is ferentset of theme information than its class would nor- 
mally use, In other words, this API allows a control to be 
used while giving the control a special look other than 
the standard look defined by the theme for that class. 
This API may use additional parameters to identify a 

20 particular application and class name. This allows a 
theme- author to use the specified class but to change 
the appearance of that class. For example, a button may 
be defined that has a given button appearance. Utilizing 
this API , this button can be redirected to a different class 

2s name. For example, "OKButton" may be specified. The 
theme author will then be able to use a class called 
"OKButton" and the "OKButton" will have a different ap- 
pearance from the standard button appearance. 
[0068] There is also a subset of theme metrics APIs 

30 within the information API group that parallel the WIN- 
DOWS system metrics, but which are specific to a 
theme. Unlike normal control-based properties, these 
properties are available to and shared by all controls. 
"GetThemeSysColor" returns the theme-specified color 

35 value of the specified system color index, "GetTheme- 
SysColorBrush" returns a handleto a drawing brush that 
is the color of the specified system color index, "Get- 
ThemeSysSize" returns the integer size of the specified 
theme size index. "GetTherneSysBool" returns a 

40 boolean (0 or 1 ) value for the specified theme boolean 
index. "GetThemeSysFont" returns a logical font struc- 
ture for the specified theme font index. "GetTheme- 
SysString" returns a string value of the specified theme 
string index. 

45 [0069]. . There are also some application-oriented 
API's within the information API group 220. "IsApp- 
Themed" returns a boolean (0 or 1) value indicating if 
the application is being themed by the operating system. 
"GetWindowTheme" returns the most recent theme 

so handle, if any, opened for the specified window. "Get- 
ThemeAppProperties" returns the flags that control 
which parts and types of windows arethemeable within 
the application. "SetThemeAppProperttes" allows the 
application to set these same flags. 

ss [0070] Finally, there are information API's 220 for er- 
ror handling. "GetThemeLastErrorContext" returns the 
error context (including error-code, error code parame- 
ters, filename and source line) associated with the last 
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reported theme error on the current thread of execution, 
"FormatThemeMessage" returns the error string for the 
specified error context in the specified language. 
[0071] Theme manager 216 includes not only drawing 
APIs 218 and Information APIs 220, but also a set of 
utility APIs 222. These APIs may be used to achieve a 
variety of results. 

[0072] Drawing APIs 218 and information APIs 220 
allow the author or creator of controls within DLL 212to 
define the controis as a series of parts and states. The 
defined control is therefore abstracted from the render- 
ing process of theme manager 216 and is also abstract- 
ed from the theme-defined appearance information or 
characteristics, as is more fully described below. Using 
APIs 21 6 and 220 the control author can create controls 
that are "theme-aware" and that are equipped to com- 
municate with theme m anager21 6. This commun ication 
involves passing basic information or values to theme 
manager 216 that allow the theme manager to render 
the desired control, having the needed parts in the de- 
sired states. 

[0073] Theme manager 21 6 also contains the Tender- 
ers needed to execute the drawing instructions. For ex- 
ample, a border-fill renderer221 could be used that al- 
lows diffe rent color themes to be applied to the controls. 
As another example, a bitmap renderer 223 could be 
used that defines the control parts as images. Other ex- 
amples of Tenderers Inciude using a vector definition 
language, portable network graphics (PNG) files, or 
portable document format files (PDF). It should be un- 
derstood that the present invention Is not limited to a 
particular rendering technology. If a different renderer is 
desired or needed, the drawing code of theme manager 
216 Is revised to add the renderer to theme manager 
21 6. The controls within DLL 21 2 are therefore isolated 
or abstracted from the rendering technology . within 
theme manager 216. This allows different Tenderers to 
be added to theme manager 216 without having to re- 
vise the controls within DLL 212, as is more fully ex- . 
plained below. 

[0074] The renderer within theme manager 216 
renders the requested control according to an appear- 
ance theme that has been selected by the user of the 
computer. For example, appearance themes 224 and 
226 are shown in Figure 1. As shown, theme 224 may 
be a consumer theme and theme 226 may be a business 
theme. It should be understood, however, that other 
themes couid be used and that the invention is in no way 
limited to the particular theme. For example, other 
themes could include a cartoon theme, a children's 
theme or a golf theme. As seen in Figure 1, business 
theme 226 has been selected by the user, as represent- 
ed by the solid line 228. Consumer theme 224 is avail- 
able for selection, as represented by the broken line 
230. 

[0075] Each theme 224 and 226 has similar architec- 
ture. As seen in Figure 6, business theme 226 includes 
a seri es of Imag e f iles 232. Image f I les 232 are the image 



files that will be used by the particular theme. In this. 
. case, image fifes 232 are the image files that will be used 
by business theme 226. Business theme 226 also in- 
cludes a themes.ini file 234. File 234 Is a text file and 

5 can be created in either ANSI or UNICODE character 
sets. Fiie234 specifies the available color schemes and 
sizes available for the theme, in the case of theme 226, 
file 234 specifies the available color schemes and sizes 
available for business theme 226. File 234 therefore 

io represents all of the variations of the theme to which it 
applies. 

[0076] Theme file 234 consists of one or more sec- 
tions. The sections within theme file 234 include a doc- ' 
umentation section 236, a size section 238, a color 
'5 scheme section 240 and a file section 242. Documen- 
tation section 236 is optional and may contain any prop- 
erty name. Size section 238 specifies the size name, 
such as "default size," "very small" or "very large." Color 
scheme section 240 is used to specify a simple color 

so scheme name and an optional color scheme transfor- 
.matlon associated with the color scheme name. File 
section 242 is used to specify a unique name for the 
class data file. The file section 242 will include a file 
name, a color scheme (from color scheme section 240) 

25 for that file name, and the sizes (from the size section 
■ 238) that the file will support. 
[0077] Theme 226 includes a second .inl file labeled 
244 in Ffgure 6. File 244 is a class data file that contains 
the theme data for a specific size and color theme. File 

so 244 may also contain defining sections. For example, 
file 244 may. contain a globals section that defines the 
properties of the particular class ot control. File 244 may 
also contain a section that allows the system metrics to 
be obtained and used. Finally, file 244 may contain a . 

35 group of class sections. Each class section name con- 
tains a class name, an optional part name, and an op- 
tional state name. Within the section are the property/ 
value pairs that define the appearance of the specified 
part or control. For example, a class name would be 

*o "slider f o r the siider control . A part specifl ed for the slid- 
er would be "track." States defined for the track part 
would be "normal," "disabled," and "hot." The class sec- 
tion name can also include an application (or "group") 
name, which specifies that the section only applies to a 

4s specific application (or "group" name, as specified by 
the SetWindowTheme API). 
[0078] Image files 232, theme file 234, including file 
244 are broadly grouped together to make up theme di- 
rectory 246. Theme directory 246 and a system schema 

so file located within the theme manager 216 are used to 
load business theme 226. The system schema file is the 
file that defines property n umbers for all of the properties 
involved in a particular theme and is basically a master 
definition file that allows the themed properties to be as- 

55 signed a number corresponding to a defined appear- 
ance. 

[0D79] Theme directory 246 thus contains a theme ini 
file 234, a class data fiie 244 and all of the image files 
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232 used by the theme. Th e co ntents of theme directory 
246 can be packaged Into a DLL file by paokthem too! 
25G. Packthem tool 250 processes the theme ini file by 
parsing it against the schema file for syntax errors and 
adding the .ini file to the package being built. Recog- 
nized properties from documentation section 236 are 
written to a package string table. Colorscheme informa- 
tion from color scheme section 240 and size information 
from size section 238 is also written to a package string 
table, Each class data file 244 is also processed. As the 
class data file is processed, the file is parsed against 
the schema file for synlax errors. The class data file is 
also added to the package being built. 
[0080] The DLL file produced by packthem tool 250 Is 
business theme file 226. File 226 contains the theme 
data and this theme data is isolated from control library 
212. This allows different themes to be created and se- 
lected without changing the controls defined within li- 
brary 212. Thus, control authors can create and define 
controls independently of the appearance or theme da- 
ta. Fife 226 is in binary format and is passed into a 
shared theme data file 252 when business theme 226 
Is selected bythe computer user, as best seen in Figure 
1 . File 252 is a shared memory map file that can be ac- 
cessed by all processes. Thus, when a theme Is select- 
ed by the computer user, theme manager 21 6 will read 
the information for a defined theme file, such as file 226, 
andiWill place that 'Information in a binary format in file 
252 where al! running processes have access to the bi- 
nary information. 

[0081] As best seen in Figure 1, a theme-switching 
control panel 254 Is provided that Is In communication 
withjheme manager 21 6. Panel 254 cooperates with a 
user interface that displays the available themes from 
which the user can select. As shown in Figure 1 , control 
panel254 would allow a user to select business theme 
226 or consumer theme 224. If, as has been discussed 
above, business theme 226 is selected and the user of 
the computer switches to select consumer theme 224, 
theme 224 will be loaded into shared memory map file 
252 as binary data. Theme manager 216 also sends a 
message to each theme-aware control within DLL file 
212 that the theme has changed. Each theme-aware 
control knows how to respond to this message. 
[0082] When the theme-aware control receives a 
message that the theme has changed, the control will 
close the current theme handle that was received via 
the OpenThemeData API. The control will then attempt 
to open a new theme handle, again using the Open- 
ThemeData API. If a new theme handle cannot be 
opened, the control knows that the theme has been 
switched off for that control and that the oid drawing 
code is to be used by the control to draw itself, if a new 
theme handle is opened, theme manager 216 will look 
at the theme binary data and will start a new drawing 
routine so that all of the theme-aware controls are re- 
drawn utilizing the newly selected theme, such as con- 
sumer-theme 224. Any information that was cached re- 



garding the previously selected theme Is invalidated and 
that information must be recalculated. 
[0083] In operation, as is best seen in Figure 7, an 
application 138 or 139 will request a graphic, such as a 
s control, to be rendered on the user interface, as repre- 
sented at256..This graphical request is routed through 
fusion 214. As represented by 258, the fusion process 
will deteimine if the requested control is a theme-aware 
control, if the control requested is not theme-aware', the 

10 ofd code is used and the control will draw itself using a 
control from DLL 208 or 210, as represented by 260 in 
Figure 7. If the control is theme aware, the graphical re- 
quest Is processed in DLL212, asis rep resented by 262. 
The controls within DLL 21 2 will pass basic information 

is for the graphical request, such as the part, state and 
location forthe requested control to the theme manager 
216 in a request for rendering services, using APIs 21 B, 
220 and 222. Thus, Ihe graphical request is processed 
in DLL 212 without application of the appearance char- 
ge acteristics that are found by theme manager 216. 
Theme manager 216 will then determine or apply the 
theme-specific appearance characteristics forthe given 
control part and state, as shown by 264. This appear- 
ance data is retrieved from the shared memory map da- 

& ta file 252. Using the retrieved appearance data, forthe 
requested control part and state, along with the location, 
the theme manager will render the control on the display 
of the computer, as represented by 266. 
[00B4] Referring to Figure 4, another embodiment of 

30 the logical operations implemented in fusion 214 (Figure 
1) is illustrated. In this embodiment the fusion operation 
is performed when the application is loaded rather than 
routing application requests through fusion as in Figure 
7, Fusion allows for older non-theming applications to 

35 operate as intended in atheming environment by-linking 
the older non-theming controls to the older applications. 
Older, non-theming controls are provided in User32.dll 
..and ComCH32.dll Version 5 (V5). User32.dll provides 
user controls such as buttons, scroll bars, and list boxes. 

40 ComCtl32.dll V5 provides shell common controls, such 
as toolbars, list views, and tree views. Fusion 214 links 
the theming Control file, ComCtl32.dll version 6 (V6), to 
new applications that have been developed and tested 
in a theming environment. 

& [0085] lnFigure4operationflowbeginsatloadingop- 
eration 402 wherein an application begins running on 
the system, Part of the start-up processing is dynamic 
linking of controls libraries. Linking is the process of unit- 
ing references between program modules and libraries 

so of subroutines to create a load module that is ready to 
run on the computer. After loading operation 402, control 
transfers to the manifest detection operation 404 where- 
in It is determined whether the application has a mani- 
fest associated with it. If there is not a manifest, control 

SB transfersto linking operation 406 wherein the traditional 
controls, User32.dll andComCtl32.dll V5, are linked into 
the application's memory map. As mentioned earlier, the 
traditional controls are not theme aware. 
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[0086] If, an the other hand, there Is a manifest, such 
as manifest 215, in manifest detection operation 404, 
control transfers to the theming module searching oper- 
ation 408, wherein it is determined whether 
ComCtl32.dll V6 is listed in the manifest. If the manifest 
does not list ComCtl32.dll V6, control transfers to the 
linking operation 406, wherein the traditional controls 
are linked into the application's, memory map. If, on the 
other hand, ComCtl32.dll V6 is listed in the manifest, 
transfer controls to linking operation 410 wherein the 
theme aware controls ofComCtl32.dll V6 are linked into 
the application's memory map. 
[0087] Figure 5 is an operation flow diagram illustrat- 
ing an exemplary process of theming non-client window 
components in a theme aware application environment, 
Figure 5 depicts how non-client window components 
may be rendered with theme properties in two general 
situations. The first situation is one in which a non-client 
window message, such as non-client window message 
502, is directed to a window. The second situation is 
when an application makes an API call that may affect 
the non-client window area of a window, requiring the 
non-client window area to be re-rendered. 
[0088] In the first situation, when a non-client window 
message 502 is generated, the non-client area of a tar- 
get window may need to be rendered. The non-client 
area of the window typically has one or more non-client 
graphical components, such as a minimize box, window 
frame, and close box. The non-client window message 
502 can be any message sent to the window, including, 
but not limited to, measurement or rendering messages. 
For example, when a computer user resizes a target 
window, a non-client window message 502 is sent to the 
window, requesting that the window be re-rendered at 
the new size. A non-client window message 502 is typ- 
ically received by an application that is using the target 
window, siich as APP2 139. The application, such as 
APP2139, may perform an action, such as adjusting the 
appearance of its GUI, based on the non-client window 
message 502, The non-client window message 502 is 
then intercepted by a UserAPIHook 506, which routes 
the message to the theme manager 216. UserAPIHook 
506 may be a part of the theme manager 216. The 
theme manager 216 interprets the non-client window- 
message 502. Depending on the non-client window 
message 502, the theme manager 216 may make 
measurements regarding the dimensions of the non-cli- 
ent wl ndow components , and may use them e properties 
in the shared theme data 252 to render the non-client 
area of the window. 

[0089] Continuing with the example of figure 5, when 
an application, such asAPP2 139, oracontrol of an ap- 
plication, makes an API call, the result may affect the 
non-client area of the window. In this case, the non-cli- 
"ent window area may be re-rendered using theme prop- 
erties. For a theme. aware application, such as applica- 
tion 1 39, an API call, such as API call 503, may be made 
to USER32 208. The API call 503 may be any API call, 



including, but not limited to any of the API functions dis- 
cussed previously. For example, the "MoveWlndowQ" 
API call can change the size, location, and z-ordering of 
the window, requiring the window frame to be redrawn. 

s When a theme is active, USER32 208, upon receiving 
the API call 503, will route the API call 503 to UserAPI- 
Hook 506. UserAPIHook 506 then routes the API call 
503 to the theme manager 216. The theme manager 
216 interprets the API call 503 and makes measurement 

10 calculations regarding the dimensions of the window 
frame. The theme manager 216 then uses the shared 
theme data 252 to render the non-client window area 
with theme properties, if necessary. 
[OOSO] In the embodiment of figure 5, USER32 208 

's handles non-client APIs and messages for both themed 
applications, such as APP1 13B of figure 1, and non- 
themed applications, such as APP2 1 39, as shown in 
figure 5. The message flow shown in figure 5 is the same 
for non-themed applications and themed applications. 

so Thus, the non-client graphical components of windows 
are themed regardless of whether the application is 
theme aware or not. 

[0091] Importantly, UserAPIHook operation 506 redi- 
rects rendering requests to the theme manager 21 6 that 

25 is able to use the shared theme data 252 to render the 
non-client area of the wlndowwith theme properties. As 
discussed earlier, theme property data can be added 
eas ily for window components by adding the property to 
the ".msstyles" file. This allows for a large variety of 

32 themes for non-client window components with no 
change to the control software. 
[0092J The logical operations of the various embodi- 
ments of the present invention are implemented (1) as 
a sequence of computer implemented acts or program 

35 modules running on a computing system and/or (2) as 
interconnected machine logic circuits or circuit modules 
within the computing system. The implementation is a 
matter Df choice dependent on the performance require- 
ments of the computing system implementing the inven- 

40 tion. Accordingly, the logical operations making up the 
embodiments of the present invention described herein 
are referred to variously as operations, structural devic- 
es, acts or modules. It will be recognized by one skilled 
in the art that these operations, structural devices, acts 

« and modules may be implemented in software, in 
firmware, in special purpose digital logic, and any com- 
bination thereof without deviating from the spirit and 
scope of the present invention as recited within the 
claims attached hereto. 

so [0093] Alternative embodiments of the present inven- 
. tion will become apparent to those skilled in the ait to 
which it pertains upon review of the specification, includ- 
ing the drawing figures. Accordingly, the scope of the 
present invention Is defined by the appended claims 

ss ratherthan the foregoing description, 

.10094] Although the invention has been described in 
language specific to computerstructural features, meth- 
odological acts and by computer readable media, it is to 
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be understood that the invention defined in the append- 
ed claims is not necessarily limited to the specific struc- 
tures, acts or media described. As an example, other 
decision methods may be included in the fusion process 
in combination with the control rendering modules, s 
Therefore, the specific structural features, acts and me- 
diums are discioscd as exemplary embodiments imple- 
menting the claimed invention. 
[0095] The various embodiments described above 
are provided by way of illustration only and should not >o 
be construed to limit the invention. Those skilled in the 
art will readily, recognize various modifications and 
changes th at may be made to the present invention with- 
out following the example embodiments and applica- 
tions illustrated and described herein, and without de- <s 
parting from the true spirit and scope of the present in- 
vention, which is set forth in the following claims. 



action on the one or more non-client graphical 
components; and 

a first routing module that receives the non-cli- 
ent window message from the intercepting 
hook module and routes the non-client window 
message to the one or more third functions of 
the theme manager so that the action will be 
performed. 

4. The theme management system of claim 3 wherein 
the first controls module further comprises a second 
routing module that routes an application program 
interface call to the intercepti n g hook module so that 
an action can be performed on the one or more non- 
client graphical components on the non-client win- 
dow area in response to the application program in- 
terface call. 



1. A theme management system configured for ren- 
dering graphical components on a computer system 
having a graphical operating system running one or 
more applications, each application being able to 25 

■ make a request to be linked to a controls module, 
the theme management system comprising: 

: a first controls module having one or more first 
functions responsive to application program in- 30 

■ ' terface calls capable of rendering graphical 

' • components with themes; 
'■■-.V,,.;.;, a second controls module having one or more 
second functions responsive to application pro- 

- gram interface calls capable of rendering 35 
graphical components without themes; and 
a fusion module that responds to the request 
by determining whether to link the application 
toone of the first controls module orthe second 
controls module to render graphical compo- *o 
nents. 

2. The theme management system of claim 1 further 
comprising a theme management module having 
one or more third functions responsive to rendering 4S 
calls from the one or more first functions of the first 
controls module, the third functions capable of ren- 
dering graphical components using a theme. 

3. The theme management system of claim 2 further so 
comprising: 

an intercepting hook module that intercepts a 
no n -client window message sent to a target 
. window , the target window having one or more ss 
non-client graphical components in a non-client 
window area, the non-ciient window message 
requesting that the target window perform an 



5. The theme management system of claim 3 wherein 
the second controls module further comprises a 
third routing module that routes an application pro- 
gram interface call to the intercepting hook module 
so that an action can be performed on the one or 
more non-client graphical components on the non- 
ciient window area in response to the application 
program interface call. 

6. The theme management system of claim 3 wherein 
the non-client window message is a render mes- 
sage that requests that the one or more non-client 
graphical component on the non-clientwlndow area 
be rendered, the theme management module re- 
sponding to the render message by rendering the 
one or more non-client graphical components. 

7. The theme management system of claim 3 wherein 
each of the Dne or more non-client graphical com- 
ponents is associated with dimensions and the non- 
ciient window message is a measurement message 
that requests that the dimensions of the one or more 
non-client graphical component on the non-client 
window area be measured the theme management 
module responding to the measurement message 
by measuring the dimensions of the one or more 
non-client graphical components. 

8. The theme management system of claim 1 wherein 
the first and second functions of the first and second 
controls modules are capable of rendering user 
controls and shell common controls. 

9. The theme management system of claim 1 wherein 
the fusion module comprises first detecting module, 
that detects whether an application has an associ- 
ated manifest file that Indicates which of a set of 
controls modules should be linked to the applica- 
tion; 
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a second detecting module that detects wheth- 
er the manifest indicates that the first controls 
module should be linked; and 
a linking module that links the first controls 
module to of an application if the manifest indi- s 
cates that the first controls module should be 
linked. 

10. A theme management system configured for ren- 

. dertng graphical components on a computer system >o 
having a graphical operating system running one or 
more applications! the theme management system 
comprising: 

an intercepting hook module that intercepts a is 
render message to atarget window having non- 
client graphical components, the render mes- 
sage requesting that the target 
window render the target window's non-client 
graphical components; 20 
a theme management module having one or 
more first functions capable of rendering any 
window's non-client graphical components us- 
ing a theme; and 

a routing module that routes the render mes- 25 
sage to the one or more first functions of the 
theme manager module so that the target win- 
dow's non-client graphical components are 
rendered using a theme having a set of theme 
properties. 30 

1 1 . The theme management system of claim 1 0 further 
comprising; 

a first controls module having one or mo re sec- 35 
ond functions capable of interacting with the 
one or more first functions of the theme man- 
agement module to render user controls or 
shell common controls haying theme proper- 
ties; 40 
a second controls module having one or more 
third functions capable of rendering user con- 
trols and shell common controls not having 
theme properties; and 

a fusion module responsive to a request from « 
an application to link the application to one of 
the first controls module or the second controls 
module . 

12. A method of rendering a graphical control on a com- 50 
puter display of a computer having a graphical op- 
erating system, afirstset of applications implement- 
ing theme capability, and a second set of applica- 
tions not implementing theme capability, the meth- 
od comprising: ss 

providing a first controls module having one or 
more firstf unctions capable of rendering graph- 



ical controls for applications not implementing 
theme capability; 

providing a second controls module having one 
or more second functions capable of rendering 
graphical controls for applications implement- 
ing theme capability; 

receiving a request from an application, re- 
questing that the application be linked to one of 
the first controls module and second controls 
module; 

determining whether the application imple- 
ments theme capability; and 
linking the application to *e second controls 
module If the appl Ication implements theme ca- 
pability, so that the application can use the func- 
tions of the second controls module to render 
graphical controls with themes. 

13. The method ol claim .12 further comprising: 

receiving an application program interface call 
from an application, the application program in- 
terface call requesting that a graphical control 
be rendered; 

determining whether the graphical control im- 
plements theme capability; and 
calling a theme manager that uses a theme file 
having graphical component property data to 
render the requested graphical control In a 
themed fashion if the graphical control imple- 
ments theme capability. 

14. The method of claim 12 wherein the act of deter- 
mining comprises: 

detecting whether a manifest exists for the ap- 
plication; and 

searching the manifest for an indicator that in- 
dicates that the application is capable of inter- 
acting with the second controis module to 
render graphical controls with themes: 

15. The method of claim 13 further comprising: 

intercepting a non-c!ient window message sent 
to a window having one or more non-client 
graphical components, the non-client window 
message requesting that the window perform 
an action on the one or more non-client graph- 
ical components; 

routing the non-client window message to the 
theme manager that manages theme proper- 
ties for non-client graphical components; and 
performing the action on the one or more non- 
client graphical components. 

16. The method of claim 15 wherein the non-cSient win- 
dow message is a render message and the action 
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is rendering the one or more non-client graphical 
components. 

17. The method of claim 15 wherein the non-client win- 
dow message is a measurement message, each of 
the one or more non-client graphical components 
are associated with dimensions, and the action is 
measuring the dimensions of the one or more non- 
client graphical components. 

18. The method of claim 13 further comprising: 



module; 

determining whether :the application is imple- 
ments theme capability; and 
linking the application to the second controls 
s module if the appl icatlon implements theme ca- 

pability, so that the application can use the func- 
tions of the second controls module to render 
graphical controls with themes. 

io 21. The computer program product of claim 20 wherein 
the computer process further comprises: 



routing the application program interface call to 
an intercepting hook module; 
routing the application program interface call to 
the theme manager that renders non-client 
graphical components in a themed fashion; 
determining whether the application program 
interface call affects one or more non-client 
graphical components of a window being used 
by the application; and 

rendering the one or more non-client graphical 
components in the themed fashion If the appli- 
cation program interface call affects the one or 
more non-client graphical components. 

1 9. A computer program prod uct readab le by a comput- 
ing system and encoding a computer program of in- 
structions for executing a computer process for ren- 
dering a window non-client component in a compu- 
ter system having a graphical operating system, the 
computer process comprising: 

intercepting a non-ciient window message sent 
to a window having one or more non-client 
graphical components, the non-client window 
message requesting that the window perform 
an action on the one or more non-ciient graph- 
ical components; 

routing the non-client window message to a 
theme manager that manages theme proper- 
ties for non-client graphical components; and 
performing the action on the one or more non- 
client graphical components. 

20, A computer program product readable by acomput- 
ing system and encoding a computer program of in- 
structions for executing a computer process for ren- 
dering a graphical control on a computer display of 
a computer having a graphical operating system, a 
first set of applications implementing theme capa- 
bility, and a second set of applications not imple- 
menting theme capability, the computer process 
comprising: 

receiving a request from an application, re- 
questing that the application be linked to one of 
the first controls module and second controls 



receiving an application program Interface call 
from an application, the application program in- 
15 terface cali requesting that a graphical control 

be rendered; 

determining whether the graphical control Im- 
plements theme capability; and 
calling a theme manager that uses a theme file 
20 having graphical component property data tD 

render the requested graphical control in a 
themed fashion if the graphical control imple- 
ments theme capability. 

25 22. The computer program product of claim 21 wherein 
the act of determining comprises: 

detecting whether a manifest exists for the ap- 
plication; and 

30 searching the manifest for an indicator that in- 

dicates that the application is capable of inter- 
acting with the second controls module to 
render graphical controls with themes. 

35 23. The computer program product of claim 21 wherein 
the computer process further comprises: 

intercepting a non-client window message sent 
to a window having one or more non-client 
40 graphical components, the non-client window 

message requesting that the window perform 
an action on the one or more non-client graph- 
ical components; 

routing the non-client window message to the 
theme manager that manages theme proper- 
ties for non-client graphical components; and 
performing the action on the one or more non- 
client graphical components. 

so 24. The computer program product of claim 23 wherein 
the non -client window message is a render mes- 
sage and the action is rendering the one or more 
non-client graphical components. 

55 25. Thecomputerprogramproductofclaimwhereinthe 
non-client window message is a measurement 
message, each of the one or more non-client graph- 
ical components are associated with dimensions, 
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and the action is measuring the dimensions of the 
one or more non-client graphical components. 
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